The presence of delayed dermal hypersensitivity to coccidioidin without sensitivity to cross-reacting antigens is strong evidence of previous exposure to Coccidioides immitis (19) . The delayed reaction has been demonstrated in man and in a variety of animals, but has not been reported in mice. This study shows that mice developed delayed reactivity in the footpad after vaccination with killed spherules (12, 13) or infection with arthrospores. The nature of the reaction was determnined both macroscopically and microscopically, and was observed to be similar to tuberculin hypersensitivity.
MATERIALS AND METHODS
Sensitization. Formalin-killed spherule vaccines from C. immitis strain Silveira were prepared and purified as described previously (14) . A total dose of 2.0 to 2.4 mg was given intramuscularly in 3 or 4 weekly injections (0.1 ml) to female albino mice of the Namru strain (6) , beginning at 5 to 7 weeks of age (18 to 21 g ). In one case, pulverized spherules (Savage, Ph.D. Thesis, Univ. Califormia, Berkeley, 1965 Delayed hypersensitivity reaction in spherulevaccinated mice. Having established that a tuberculin reaction was inducible in Namru mice, the footpad reactions to coccidioidal extracts of mice vaccinated with spherules alone or spherules incorporated with Freund's adjuvants were investigated. Unlike BCG in adjuvant, subcutaneous injection of spherules in adjuvant often resulted in sloughing off of the nodule, and the intramuscular route was employed subsequently. As in footpads injected with OT or PPD, initial inflammation was elicited by spherulin in both control and vaccinated mice. However, a delayed reaction was observed only in the footpads of vaccinated mice; it lasted from 6 to 48 hr and was maximal at approximately 24 hr after injection. Figure 2 shows that the degree of delayed induration at 24 hr was similar in the footpads of vaccinated mice, whether or not adjuvant was used. Also, receiving, respectively, spherules-complete adjuvant, spherules-incomplete adjuvant, and spherules alone. Interestingly, the spherule vaccine, in contrast to BCG, was a good sensitizing agent, even in the absence of adjuvant.
Spherulin proved to be very toxic, however, and regularly elicited an immediate 2 + or 3 + reaction in the footpads lasting for 4 hr. Therefore, we tested coccidioidin, lot 64-D3, which elicited a delayed reaction at a 1:100 dilution in man (C. E. Smith, personal communication) and monkeys (15) . Although early inflammation was less persistent with the 1 :100 dilution (as with saline) than with spherulin, no delayed reaction was observed in vaccinated mice. When used undiluted, this coccidioidin elicited a delayed reaction in 10% of the animals. And, only when it was concentrated threefold did approximately 75% of the vaccinated animals respond at 24 hr (Fig. 3) . However, concentrated coccidioidin was also highly irritating; 100% of both control and vaccinated mice showed a 2 + or 3 + swelling at 1 hr after injection (Fig. 3) .
The possibility that a purified polysaccharide fraction might contain less toxic material than spherulin or concentrated coccidioidin was also studied. At doses of 0.1 to 50 ,ug, the polysaccharide fraction elicited, in both control and vaccinated mice, an early inflammatory response which subsided at 2 hr. However, only 10% of the vaccinated mice responded with a delayed reaction to the 0.1-and 1.0-,ug doses and 55% to the 10-,jg dose. After injection of 50 jig of polysaccharide into the foodpad, induration was observed in all the immunized animals at 24 hr. However, since this amount also elicited a strong immediate reaction, which persisted for at least 4 hr longer than that in control mice, the actual number of animals showing a delayed reaction could not be ascertained.
Delayed hypersensitivity reaction in infected mice. Most animals infected intranasally with arthrospores at 1 to 5 LDo were acutely ill by days 15 and 22. They showed an early inflammatory response, but exhibited no delayed reaction after testing with either spherulin or concentrated coccidioidin. By 28 and 31 days, however, the crisis period had passed, and up to 50%7, of the survivors showed a delayed reaction.
Cellukar response in the footpads of spherulevaccinated mice. Dialyzed coccidioidin contained less irritating material than spherulin or concentrated coccidioidin, and, at high concentrations, elicited a delayed reaction in 90 to 100% of the immunized mice. It was used, therefore, for histological studies. Although initial swelling was still observed in the footpads of control mice and mice immunized 6.5 months previously, all 16 immunized mice showed a delayed reaction at 24 hr, and some also at 6 and 48 hr after injection.
Microscopically, the footpads of control mice given Merthiolated saline showed a minimal inflammatory infiltration at 1 hr and a mild cellular reaction at 6 and 24 hr. The infiltrate consisted primarily of polymorphonuclear cells, including some eosinophils, and some mononuclear cells at 6 hr and a few more mononuclear cells at 24 hr. By 48 and 72 hr, the footpads had almost returned to normal, with a few scattered polymorphonuclear and mononuclear cells remaining. The inflammatory response in the footpads of control mice given dialyzed coccidioidin was also slight, but was somewhat more intensive than the reaction in the contralateral footpads given saline. Many polymorphonuclear and some mononuclear cells were present in subcutaneous tissues at 1 hr after injection, and a few infiltrated the dermis at 6 hr. The nonspecific response was moderate at 24 hr, with a little edema and either polymorphonuclear or mononuclear cells in the majority, and, by 48 hr, the number of polymorphonuclear cells had decreased. By 72 hr, the cellular response had become minimal; some mononuclear cells were observed in and around the capillaries of deep subcutaneous tissues.
Cellular reactions to coccidioidin in the foot pads of vaccinated mice differed from those described above for control mice. These differences were not great initially; at 1 hr, the inflammatory infiltrate, minimal in the footpad given saline (Fig. 4A) , was also slight in the contralateral footpad given coccidioidin (Fig. 4B) . The coccidioidin elicited a little vascular congestion and the infiltration of some polymorphonuclear cells in the subcutaneous tissues with a few in the dermis. However, by 6 hr, the inflammatory response in the coccidioidin-injected pad had increased somewhat (Fig. 4D) ; there were some congested blood vessels, but negligible edema and moderate perivascular infiltration of predominantly polymorphonuclear cells. In contrast, cellular infiltrate in the saline-injected pad was slight at 6 hr (Fig. 4C) .
Most vaccinated animals exhibited a 2 + or 3 + induration in the footpads given coccidioidin at 24 hr, and the histological sections (Fig. 5A) showed an acute, generalized inflammatory response from the sarcolemmal sheath to the epidermis. The cells (Fig. 5B) were predominantly polymorphonuclear in type, with some eosinophils, but there were also many mononuclear cells. Some congestion was observed in the adipose tissue, but edema was minimal and hemorrhage occasional. The footpad of one animal showed only a 1 + induration at 24 hr, and the sections had many more mononuclear and fewer polymorphonuclear cells than those described above. By 48 hr, the cellular reaction was still intensive and generalized, but many more mononuclear than polymorphonuclear cells were observed, and the ratio was approximately 2:1. At 72 hr, whereas the control footpads showed negligible or minimal cellular response, the cellular infiltrate in the coccidioidin-injected footpads of vaccinated mice was still extensive and consisted of >90 Q mononuclear cells (Fig. 5, C and D A.
:-.P' in part, to the different mouse strains or to sensitizing and testing procedures used. Also, it may be related to the concentration of antigen used to elicit the reaction; in spherule-vaccinated mice (Fig. 3) (5) reported that a concentration of tuberculin 5-to 10-fold over that used in rabbits and guinea pigs was required to elicit comparable hypersensitivity reactions in rats.
To classify a hypersensitivity reaction as the delayed type, one of the criteria often used is the demonstration of passive transfer via cells to normal animals. In spite of our inability to show such transfer (see below), several other reasons have prompted us, nevertheless, to so classify the reaction to coccidioidal extract in the footpad of spherule-vaccinated mice. Firstly, the time course of the reaction, beginning at 6 to 8 hr and reaching maximum at 24 hr after antigen injection, corresponded to that observed for tuberculin sensitivity in Namru mice, as well as other animals, and was not altered by the addition of adjuvants (Fig. 2) . Although immediate swelling was observed, it was caused largely by the injection of fluid as evidenced by the reaction in nonvaccinated mice given saline. Swelling from the injection of fungal material persisted longer than that from saline injection, but usually subsided within 4 hr. Secondly, the reaction was not elicited by OT (Savage, Ph.D. thesis, Univ. California, Berkeley, 1965) and was specific for coccidioidal extracts. Finally, the cellular reaction to the extracts in vaccinated mice corresponded to that described for delayed hypersensitivity.
The histological studies showed that mononuclear cells, present at 6 hr after antigen injection, predominated at 24 to 48 hr and, by 72 hr, comprised >90% of the cellular infiltrate ( Fig. 5C  and 5D ). Their predominance in delayed hypersensitivity reactions has been documented by many workers (7, 21) . We also observed the early presence of many polymorphonuclear cells which predominated in most instances up to 24 hr (Fig.   4D , 5B). Some of them infiltrated the site in response to the fungal material, because we observed more polymorphonuclear cells in the coccidioidin-injected than the saline-injected footpad of nonvaccinated mice. The early appearance of polymorphonuclear cells in immunized mice has been noted also in delayed hypersensitivity reactions to tuberculin (1, 10, 17) and Candida extracts (Rowlands, Crowle, and Russe, Federation Proc. 23:286, 1965). In addition, the extent of the polymorphonuclear infiltration has been related to the intensity of the dose-dependent reaction to tuberculin (1, 10, 21) . Whether the above applies to the footpad reaction to coccidioidal extract is unknown.
We think that the early presence of numerous polymorphonuclear cells in our study is not indicative of an Arthus reaction. The animals were tested only once and at 6.5 months after vaccination, when circulating antibodies, if present, were probably at a very low level. In this regard, precipitins have been detected in spherule-vaccinated mice only after a booster dose (12) , and boosters were not employed in this study. Furthermore, eosinophils, edema, hemorrhage, thrombosis, necrosis, and plasma cell types, all characteristics of the Arthus reaction (8), were either not present or present in negligible quantities. For these reasons, it is also unlikely that the mononuclear cells, predominant at 48 to 72 hr after antigen injection, represented the delayed component (8) of an Arthus reaction.
At variance with the interpretation that the hypersensitivity reaction to fungal extracts is of the delayed type, however, is the failure to transfer it passively with cells from sensitized donors (unpublished data). As many as 3 X 108 splenic cells from vaccinated mice were given, intravenously or intraperitoneally, or by both routes, to normal recipients either alone or with lymph node cells. Serum from vaccinated or boosted (12) mice was also transferred intravenously to other recipients. No delayed reaction was observed in recipients of either ceUs or serum. Vredevoe (20) also did not transfer passively a persistent induration to a protein antigen with cells, and interpreted the induration as a delayed component of the Arthus reaction which was also present. However, as mentioned before, we observed no complicating Arthus reaction in the Coccidioides system, and our failure to transfer passively the delayed reaction may be related to the fact that an outbred mouse strain was used. But, despite the use of inbred mice by other workers, the passive transfer of delayed hypersensitivity was successful in one study (3), but not in another (4) .
Our finding that many survivors of intranasal infection with C. immitis arthrospores developed delayed hypersensitivity is in accord with others reported for tuberculous mice (9) and Listeriainfected mice (16) . The possible association be-
